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ABSTRACT, 3;2(004 /0 4

Computed is the mean-square value of fluctuations of
electron concentration in the zones of formation of ultra-short
wave reilections during aurorae.

The estimate made as a result of experimental data analysis
from the standpoint of diffusion theory leads to absolute values of

fluctuations reaching 105electron/cm3.
!
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The value of mean-square fluctuations of eleetron concen-
tration constitutes one of the most important parameters of ioni-
Zation zones appearing near the aurora re-~ions., It msv be estimated
thanks to the scattering effect of radiowaves at radar sounding of
these zones. In the general case, the effective scattering cross-
section, coiresronding to the unitary element of medium's volume,
will be deterrmined by the directions of wave vectors of the incident
and scattering waves, as well as by that of the outer magnetic fielad
vector in the region of scattering. Thus, basing ourselves uvon
the general postulates of the theory first brouzht forth by Booker
and Gordon in 1950, and developed in references [1 — 3] for regions,

where the stationary masnetic field component is orthogonal to the



to the wave vector of the primary emission (rersion of the maxirmum
scattering in the reverse direction), one may represent the effec-
tive scattering crcosc section by the unitzry medium volume in the
form R

G = LAY (AN)?,
where A is the length of radiovaves: (AN)2 is the mean value of
the square of fluctuation of electron concentration.

The expression k(A) depends uvon tie form of the correla-
tion function, which cannot be determined universally and cuite
precisely. That is why, we shall conduct, as this is often done,
two parallcl estimates for the cases of realization of correlation

functions of the types

CXp } - 2 ——E
- 2L
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where x; are dificrence in the coordinates of the compared points;

Lj are constants, determining the dimensions of ionization inhomo-
seneities in the direction of the coordinates %3 [1]; (these con-
stants are difierent for various i by the strensth of anisotropy
of electron concentration distribution).

Basing ourselves on the results expounded in [4, 5], it is
easy to obtain, that the effective scattering cross section of waves
A by one cubic meter of the medium per £o0lid angle unit, which can
be achieved in reality in the reverse and perpendicular direction
to the stationary coupone.t o: the magnetic field, will be ecual to

o= 1,210 = ()T, SR STTY
' Pl

in case of the recealization of the first and in case oi the second

of the atove- indicated correlation functions.
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fere W.s = is the Thittaker function ; Z*“KK““%l&ﬁ7“ﬂLﬁH
T and I are rep;eétively the values of Li for a perpendicular and
a parallel directions to the marnetic field. As sliovm in [4], they
must be taken equal to about 0.1 and 30 neters. ‘

Inasmuch as in the following we examine the reflections
originating only from the region where they are most intense, i.e.
wherelg is little different from its maximum velue, the power
ratio of the received in reverse (reflected) to the emitted signal
must be approximately egual to the product of the above-~introduced
cuantities 6542 by the space volume, vhose scatitering is registe-
red by the locator. The dimensions of the given volume lend them~
selves perfectly to an estinmste,

As is well known, the radisl thickness oi the volume deter-
wining the power of the signal scatterd in the reverse direction,
is Te¢/2, where T is the.duration of the sounding pulse.

Informations about the other two voluke dimensions sezrched
for provide mcasurenents carried out at a series of research stations.,
As follows from.[&, 6], the dimension parallel to the azimuthel pla-
ne is oi the order of 200 km, provided the ra iation pattern of the
utilized antenna is sufficiently broad to encompass the given
rezion, )

iccording to [7 = 9], the third dinension, tlie thickness of
the basic layer of svoradic ionization at aurorae, is av.roximetely
equal to 3% km. Consequently, the magnitude of the volume of the
region wihere the scattered ewission originates and reaches the loca-
tor at a specific moxment of tinme, is equal to about 3 'lbg‘rc me,
The density of the enersy flux of the scattered emission at the

point of radar locstion will be ecual to

~w/m©




whence
g s
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where p 1is the pover of radar emission in the pulse; g — the
antenna amplification factor, average for the angular coordinates
of the points of scattering volume ; r is the distance to the con-
sidered scattering revion.

The cquantity pl/pis easily determined by experimental
observation results. According to measurernents at Roshchino
(60°, 2 N,29,6° E),it mostly oscillates within the limits of
vaiues (1L =+~ 6) . lO"18

A'—_—- L"m.

for r = 7.10°m, g = 30, T =107 sec.,

Toking this into account, we find from the eguations (1),
(1a), (2) the magnitude of the mean-sguare velue of electron den=~

sity fluctuations

V (aN): = (6= 15). 104,

V (BN = (4 - 10)-107 elfeu®

respectively for the first and second forms of the correlatibn
function.

et us compeare the result obtained with some other estiriates
available in literature. The most complete data are included in the
review [10], where this cuestion is dealt with in ~reat detail.

is is well known, Booker [1] detertined (AN/N)® = 10-7+ 1076 |
{(which for the electron concentration mean velue he admitted —
N ==lO6cm3 corresponded to P (AN)Z~3-10°--10%). The siven guantity
wiiich was derived at ascumtions later resulting unfbunded, was
evidently uncderrated. This follo.cd for instance from the work by
iltpert [2], published at about the same tire as [1], where he arri-
ved at(ZﬁﬁRﬁfof the order of 10'”-+-10'3, having independéntly con-
ducted a sinilcr theoretical analysis, but ap . lied to the guiet
ionosphere. It is obviocus that the value obtaincd by Bocker nust be

greater rather than smaliler than that obtained by Al'pert,
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"he latest estimate mede by iicliols [11], on tiie basis of
character investigaticn of radiowave absorption in the ionization

rezions of aurorae, also led to a notabl greater value of (AN/N)?,

Y

i

s -
lying within the liwits from 10 to 10 . This agreces well with
the resulis pre-ented here, if, according to latest measurements
((12], a value N3 -IlO6electron/cm3 is teken for electron con-

centration in the aurora reciom (B

)

au)e That is why vreference is
given to Wichols estimate from the standpoint of the present work,
By the Zuthors of reference [ 5], rather than to Booker's estimates
based on the analysis of the scattering eifect of radiowaves. Zut
generaliy speaking, there are apparently no causes of any sort,
instrumcntal in meking errors at determination ol electron concen-
tration in the ionization zones of aurorae by methods of diffusion
theory.

Let us note that the accounting for merwnetic field fluctu-
ations, discusced in detail in [4], plays no decisive part in the
above-de cribed results, inasnuch as the ratio of esimates
made with this accounting and without it, is of thc order of 1,7.

The author exvresses his thanks to V., M. Bovsheverov and
V. I. Tatarskiy, vhose series of valuaule cornents were used in

the precent work.
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